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AGENDA

e Anforderungen / Grundlagen / Implementierung
= Das Ziel
= Der Lander (Interfaces)
» Unser Experiment (CCSDS)
= Yamcs (MCS)
e Demo
e Ende




ANFORDERUNGEN /
GRUNDLAGEN /
IMPLEMENTIERUNG




DAS ZIEL

Wir beginnen mit einem Beispielsprojekt fur einen
nicht ganz hypothetischen Fall...










REQUIREMENTS?

mechanische Interfaces
elektrische Interfaces
logische/Dateninterfaces
Limits

= Energie

= Datendurchsatz




RTFM!

ASTROBOTIC LUNAR LANDERS
Payload User’s Guide




ELEKTRISCHE INTERFACES

Astrobotic provides power and data services through a Standard Electrical Connector (SEC). The SEC
is a Glenair SuperNine connector of the MIL-DTL-38999 Series lll screw type connector. The connector
is available in a regular and small size, each with a standard pin configuration providing the contacts
illustrated below. Please contact Astrobotic for the specific SEC part number for your payload.

REGULAR SEC
Power
SMALL SEC
Power Signal
Data
Timing
Power Return

Not Connected

POWER

Payloads are allocated two power circuits as a standard service. One is used for payload operations and
if necessary, heater power. The other power circuit is used to perform deployments or actuations within
the payload. The power provided is 28 + 5% Vdc and the power circuits are current regulated, current-

monitored, reverse-voltage protected, and over-voltage-protected.

DATA

Data circuits are available in either Serial RS-422 or SpaceWire configurations. Both data circuits support
time at the tone, a time synchronization service that enables payloads to synchronize their internal clock
with the lander and by extension UTC time. Payloads requiring the use of SpaceWire for additional data
bandwidth must use the regular size SEC.




ELEKTRISCHE INTERFACES

Small SEC connector
Glenair Super Nine Buchse

28V DC
RS-422
Time-at-the-tone




DATEN INTERFACES

Peregrine and Griffin use standard, well-defined data interfaces to simplify payload integration. Wired data
services are provided through the SEC. Therefore, wired data services are available only while the payload is
attached to the lander. Wireless data services are available to surface deployable payloads following separation
from the lander. Orbit deployable payloads must establish an independent communication connection with Earth
following separation from the lander.

NETWORK PROTOCOLS

Payloads may select between the three networking protocols to interface with the lander. Surface deployable
payloads are recommended to select a wired data interface for communications prior to separation from the
lander in addition to the wireless data interface.

. Serial R5-422, Serial Line IP (SLIP), and User Datagram Protocol (UDP)
. SpaceWire high-speed wired communication

NETWORK ARCHITECTURE

Payload telemetry and telecommands are transmitted from the lander to the Astrobotic Mission Control Center
and then to the Payload Mission Control Centers without modification of payload data. Astrobotic contracts
ground stations to communicate with the landers using X-Band for uplink and downlink. One-way latency in the
connection between the customer and their payload on the Moon is nominally 4 seconds, although increases in
latency may occur during some mission events.




DATEN INTERFACES

e Small SEC connector
m RS-422
o SLIP
o |P
o UDP
o Nutzerdaten
e Time-at-the-tone
= UDP Message
» eigener Pin fur “Tone”
e 4 Sekunden Latency (one way)




e Power

e Daten

LIMITS

OFF No power is provided to payloads.

NOMINAL 1.0 W per kilogram of payload.

PEAK 25w per kilogram of payload as scheduled by Astrobotic.

RELEASE 30 W peak payload power for approximately 60 seconds.
peak payload p PP )

OFF No data services are provided to payloads.

HEARTBEAT 10 bps per payload.

RELEASE 10 kbps per kilagram of payload.




LIMITS

e Power

= 1 Watt / Kilogramm
e Daten

= 10 bps (Cruise)

= 10 kbps (Moon)




UNSER EXPERIMENT

oMuUmua

:E:.:!




CHECKLISTE

Spannungsversorgung

= 28 Volt Input? Ok!

Datenformat

s Daten /UDP /IP /SLIP / RS-4227 Ok!
Zeitsynchronisation

s Time-at-the-tone Input? Ok!

Limits

s Power: <1 Watt? Ok!

» Daten Cruise: 10 bps? ~ x.x

= Daten Moon: 10 kbps? ~ 9600 BAUD
Effizientes “Raumfahrt Format” zum senden von
Befehlen und empfangen von Messwerten?




NUTZLAST STEUERUNG

e Befehle zum Experiment -> Telecommands
e Datenempfang vom Experiment -> Telemetry

... im Kontext von multiplen Konzernen,
Technologietragern, Ausschreibungen, Projekten und
Partnern




MISSION CONTROL SYSTEM UBERGREIFENDE
ANFORDERUNGEN: STANDARDS?

CCSDS

Consultative Committee for Space Data Systems

“Der” Standard - egal welche Ausschreibung, egal
welches Land - egal ob Datentypen, Formate,
Kompression, ...




About Publications | Review Documents

et U N Publications
Documents

Publi
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Documents Spacecraft
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Interface
Services

Meetings
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Services

Outreach
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Space’
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Services b,
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CCSDS 70 BLUE BOOKS

Currently 70 Books Listed

CCSDS 121.0-B-2

.Lﬂssr ess Data Compression. Blue Book. Issue 2 April 2012.

'r'1 ‘quir'

CSDS 122.1-B-1
Spectral Preprocessing Transform for Multispectral and Hyperspectral Image
Compression. Blue Book. Issue 1. September 2[)1?

1 F‘Hc:nrurnpr"ie‘l Standard is an extension tn.

Low-Complexity [ossless and Near-lossless Multispectral and Hyperspectral Image
Compression. Blue Bouk 155ue 2. Fehruarv 2019.
n specifies a
data from payload
and near-lo s methods




CCSDS 133.0-B-2

Space Packet Protocol

PACKET PACKET DATA FIELD
PRIMARY

HEADER
PACKET USER DATAFIELD
SECONDARY
HEADER

Figure 4-1: Space Packet Structural Components

sowie CRC-16 Checksumme nach User Data Field




AUFBAU 1/4: PRIMARY HEADER

PACKET
PACKET PACKET SEQUENCE PACKET
VERSION IDENTIFICATION CONTROL DATA
NUMBER LENGTH

PACKET| SEC. |APPLICATION| SEQUENCE PACKET
PROCESS SEQUENCE

IDENTIFIER COUNT OR
PACKET NAME

11 bits 14 bits

2 octets 2 octets 2 octets

Figure 4-2: Packet Primary Header




AUFBAU 2/4: SECONDARY HEADER

TIME CODE ANCILLARY
FIELD DATA FIELD
(optional) (optional)

variable variable

Figure 4-3: Packet Secondary Header




AUFBAU 3/4: USER DATA FIELD

e Was immer der Nutzer mag
e Empfehlung:

s OpCode

= Messwerte




AUFBAU 4/4: CRC FIELD
e Standard: CRC16-CCITT-FALSE




Part
Mame

Telemetry

IMPLEMENTIERUNG

Primary Header

Secondary Header

User Payload

Packet
Version
Number

2nd
Hdr
Flag

Application
Process
Identifier
(APID)

Seq
Flag

Packet
Counter

Service
Type

Service
Sub

Type

Coarse
Time

OpCode

Rad
Dyn

Rad
Sta

Rad
Pulse

11

16

b

10

31 byte / 248 bit

Telecommand

Primary Header

Secondary Header

User Payload

Packet
Version
Number

Packet
Type

2nd
Hdr
Flag

Application
Process
Identifier
(APID)

Seq
Flag

Packet
Counter

Packet
Length

Service
Type

Service
Sub

Type

OpCode

11

16

b

11 byte / 88 bit




31 BYTES

e Komplettes Datenpaket mit praziser Zeit,
Zustandscodes, Messwerten, Checksumme...
o oder “Welcome to the Pi And More 13 !” als ASCI|

Text




NUTZLAST FERTIG!
CCSDS Space Packet /UDP /IP /SLIP / RS-422




... UND WIE BEDIENT MAN DAS NUN?

TM “Ubersetzen”:

= Raw Value

= Engineering / Calibrated Value

Displays zur Darstellung / Kommandierung
Events

Alarme / Limits

Datenarchive

Export




YAMCS

friher: Yet Another Mission Control System
Space Applications Services

Open Source

Mission Control System

CCSDS kompatible

https://www.yamcs.org/




TM/TC Frontend TM/TC Simulator

Raaltirme TMTC Simulated TiM,/TC

—__— server HY
Mission External applications:
Database L ) Automation,
Yamcs Server e .
Missicn Planning,
et

Th/TC
Event
archive

Realtime
Displays/
Alarms

Yamcs Realtime
Control Commanding

Waorkstation(s)




* Bookmarks L & v [ | |i&d OPI Runtime | i1 OPI Editor

= 0

PHOT3 Arm ‘ ‘ I ‘ ASW Major Rev

ASW Minor Rev
ASW Patch ID

MMIA SUMMARY HK

Overiview DPU CHU1 Observations Count Events

SW mode Operational . 1.0V Sup Curr 152 POWERED Capture Downlink

SW submode Data_Processing 2.5V Sup Curr 024 TEMP Priority1 0 0 Severity 0 Current Mode
YEAR 2017 3.3V Sup Curr 0.89 Priority2 3 1 Current Sub-Mode
Doy 338 FPGA Temp 10.82 CHu2 Priority3 0 ] Free Mem Sc Down
Time 12 :10 13 DCDC Temp 26.76 POWERED Trigger to MXGS

MSec 704 Timer 1000004.00 TEMP CHU Temperatures Trigger From MXGS

Alive Counter 6267 PHOT1 = 194637 Trigger Obs Size

Acq TCP Count 6264 Pow ARMED Timed Obs Size
Acq TCP us 197358 POWERED
TCP Count 6264 CHU1 Drain Volt TEMP
DPU Timer 1000004 CHU1 20-45 Volt
Errors and Warnings 0 CHU2 Drain Volt
NonSc TM discarded 0 CHUZ 20-45 Volt
TCs received 36 -5V Volt
TCs discarded 0 +5V Volt
Cosmic Evt Rej Count 0 12V Volt PHOT3 PHOT Temperatures
Daylight sensor Not_Detected 36V Volt ARMED ~ 1807514
Pkt Len 58 48V Volt POWERED

-5V Curr
Enable HK +5V Curr . Num. PHOT esceed
Instrument Summary 1 12V Curr CHU cmd Failure

Startup 36V Curr Triggers T sensors D flag
Buffer Resource 48V Curr Trigger to MXGS 0 12:09:57

DPU Temp CH1 Trigger from MXGS0
CHU TempCHO

C)

= - =]

Data to Science Downlink

1

o
I~

Temperature (

193756 ] . i . Severity 1 Full Mem Sc Down
PHOT2 2017-12-04 2017-12-04 PHOT pow status
ARMED 12:09:27 12:09:57 Priority 3 obs discarded
POWERED Obs overwritten

TEMP

Severity 2 PHOT off Timeout

Severity 3 PHOT OFF daylight
PHOT ON daylight

2
[=]
=

Temperature (°C
@
E

No CHU frame received
Schedule errors

Priority 1 obs discarded
Priority 2 obs discarded
Config Table Fails

Internal Trigger 0

Rejected Trigger 0

1_. Data Link:

Mame




WIE VERSTEHT/SPRICHT DAS MCS DIE BINAREN
CCSDS DATEN?

e Mission Database
e Beeinhaltet alle Elemente, Parameter, Positionen
und wie diese zu interpretieren sind




MDB 1/4 - DATENTYPEN

type name eng type raw type encoding eng unit  calibration

float3?2 float float E'E'_"':-'l 1985(32,LE)

uint uint uint

uint? uint uint

uint3 uint uint

uint4 uint uint

uinta uint uint

uint11 uint uint

uint14 uint uint

uint16 uint uint

uint32 uint uint
! coarse-time time uint gps_time s
i fine-time time uint time_subsec

ec




MDB 2/4 - PARAMETER

parameter name data type

pktVer

pktType
secHdrFlag
AFID

seqFlag
seqCount
pktLength
senviceType
seniceSubType
pktTimeCoarse
pktTimeFine

OpCode

radCyn
radSta
radPul
crcsum

uint3
uint
uint1
uint11
uint2
uint14
uint16
uinta
uintd
coarse-time
fine-time
uinto
float32
float32
uint32
uint16




MDB 3/4 - TM PAKETE

Container name parent condition entry position

ccads_default
pktVer
pkiType
secHdrFlag
APID
segFlag
seqCount
pktLength
seniceType
seniceSubType
pkiTimeCoarse
pktTimeFine

Pl el e el e e e el el el e

radscience packet ccsds default APID==10815;senceType==1 seniceSubType==2;
OpCode
radCyn
radSta
radPul
cresum




MDB 4/4 - TC PAKETE

command name argument assignment flags argument name data type default value

tc_packet_abstract A
pktWer FixedValue(3)
pktType FixedWValue(1)
secHdrFlag FixedValue(1)
APID uint11
seqFlag FixedValue(2)
seqCount uint14
pktLength uint16
seniceType uintd
seniceSubType uintd

tc_packet tc_packet abstract
OpCode uintd
cre3um uint16

MEk3-P _ping tc_packet OpCode=1

Mk3-P_getSensor tc_packet OpCode=10

Mk3-P_sensorAutoCn tc_packet OpCode=11

Mk3-P_sensorAutoOff tc_packet OpCode=12

Mk3-P _ledOff tc_packet OpCode=20

MEk3-P_ledOn tc_packet OpCode=21

Mk3-P ledHeartBeat tc_packet OpCode=22

MEk3-P ledTime tc_packet DpCode=23

Mk3-P_syncTime tc_packet DpCode=30




WIE KOMMEN DIE BINAREN DATEN AUS/INS MCS? 1/2

e eigenes Plugin schreiben
e TM/ eingehender Datenstrom
s Telemetrie von Nutzlast annehmen
= Entpacken
o dekodiere Paket mit SLIP
o lade und prufe das darin verpackte IP Paket
o lade und prufe das darin verpackte UDP Paket
o enthnehmen CCSDS Paket aus UDP Payload
o prufe CRC16 Checksumme
o entpacke Inhalt mittels MDB




WIE KOMMEN DIE BINAREN DATEN AUS/INS MCS? 2/2

e eigenes Plugin schreiben
e TC /ausgehender Datenstrom
= Verpacken
o CCSDS TC generieren
o Sequence Counter erhohen
o CRC16 Checksumme generieren
o Packe CCSDS Paket in UDP Paket
o Packe UDP Paket in IP Paket
o |P Paket mit SLIP kodieren
o SLIP kodiertes Paket zur Nutzlast senden
s Telekommando an Nutzlast senden







FRAGEN?

Danke fur lhre Aufmerksamkeit -
und viel Spald auf der Pi And More 13:)!

WWW.Nico-maas.de




